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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high sensitive 
photo-sensitive material transparent to far UV laser 

beam, excellent in developing, having dry etching — c o o R 1 

resistance and excellent in adhesion and easy for micro 
machining by using a resin having a polar group-contg. 
alicyclic functional group and a functional group from 
which an alkali-soluble group is formed by an acid and a 
material which generates the acid when being irradiated 
as essential components. 




SOLUTION: The radiation sensitive material contains a ^y^F ^^^^ - n 
resin having a polar group-contg. alicyclic functional q 
group and a functional group from which an alkali- 
soluble group is formed by an acid in one molecule and 
a material which generates the acid when irradiated. The 

resin is preferably an acrylic resin. The polar group is preferably a hydroxyl group and the 
alicyclic functional group is preferably a hydroxyadamantyl group contg. one or more hydroxyl 
groups. The functional group from which an alkali-soluble group is formed is preferably a 
group of formula I or II. In the formulae I, II, R1 and R2 are each -C(CH3)2R3, -Si(CH3)2R3 
(R3 is alkyi or an arom. group) or the like. 



LEGAL STATUS 

http://wwwl.ipdl.jpo.go.jp/PAl/result/detail/main/wAAAa28190DA4in09632Pl.htrTi 



4/21/03 



Searching PAJ 
' - ♦ 



Page 2 of 2 



[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2000 Japan Patent Office 



http://wwwl .ipdl.jpo.go.jp/PAl/result/detail/main/wAAAa28190DA41 1 109632P1 .htm 



4/21/03 



Page 1 of 12 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the pattern formation method 
which used chemistry amplification type radiation sensitive material (resist) and its radiation sensitive 
material. Furthermore, it is related with the pattern formation method by the radiation sensitive material 
which consists of matter which generates an acid by the resin and radiation irradiation which have in 
detail a polar-group content alicyclic fiinctional group and the functional group which produces an alkali 
meltable machine with an acid, and the laser beam using the radiation sensitive material. 
[0002] 

[Description of the Prior Art] In recent years, as for a semiconductor integrated circuit, integration 
progresses, LSI and VLSI are put in practical use, and with this, the minimum line width of the pattern 
of an integrated circuit reaches a submicron field, and is in the inclination fiarther made detailed. In order 
to create an integrated circuit, it is necessary to form a detailed pattern in the semiconductor thin film on 
an insulating material (henceforth a processed substrate), and, for that, use of lithography 
(photolithography) technology is indispensable. With lithography technology, the semiconductor thin 
film front face of a processed substrate is covered with a resist, and negatives are developed, after 
irradiating light which passed the predetermined original pattern in the resist layer (selection exposure). 
The semiconductor thin film portion which the residual resist layer and the resist layer dissolved and 
was exposed arises, and after carrying out dry etching of the semiconductor thin film by plasma by using 
a residual resist layer as a masking layer, the semiconductor thin film in which the desired pattern was 
formed can be obtained by removing a residual resist layer. As the exposure light source used for 
lithography technology, although ultraviolet rays were used, far ultraviolet rays with short wavelength, 
an electron ray, an X-ray, etc. have come to be used as the light source with detailed-izing of a pattem at 
the beginning. Corresponding to the lithography technology using the excimer laser (KrF laser with a 
wavelength of 248nm, ArF laser with a wavelength of 193nm) or YAG laser which generates far 
ultraviolet rays, the wavelength conversion crystal (the wavelength of 248nm, 193nm, 157nm), etc., the 
resist material which has a high definition, high sensitivity, and the outstanding dry etching-proof nature 
is demanded especially now. In addition, the radiation in the case of calling it radiation sensitive 
material by this invention means the above-mentioned ultraviolet rays, the far ultraviolet rays, the 
electron ray. X-ray, especially far-ultraviolet field laser beam for semiconductor circuit processing. 
[0003] Although many things to which the conventional resist uses phenol resin or a novolak resin as the 
base have been developed, such material contains the aromatic ring, and although dry etching-proof 
nature is excellent, transparency is low [ nature ] to the wavelength of KrF laser. To especially the 
wavelength of ArF laser, it is completely opaque. For this reason, the pattern precision which can 
respond to detailed-ization was not able to be acquired. On the other hand, the methacrylic-acid t-butyl 
polymer is proposed as a transparent resist to the excimer laser. However, this resist lacks in dry 
etching-proof nature. Therefore, there is a report of the chemistry amplification type resist using the 
alicycle group as what has the dry etching-proof nature of aromatic **** in JP,4-39665,A, and has 
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transparency in it to the wavelength of KrF laser and ArF laser. In addition, a chemistry amplification 
type resist is a resist which changed the solubility over the developer of the exposure section, when the 
reaction which an acid generates in resist material by exposure arises, the above-mentioned acid is made 
into a catalyst and the reaction for pattern formation (hardening or decomposition) arises in resist 
material many times. [ after exposure ] In this invention, an acid catalyst occurs by exposure, and when 
the functional group in the resin which constitutes resist material decomposes into an alkali meltable 
machine by the acid catalyst, a resin dissolves by the development which uses a lye. Consequently, and a 
semiconductor thin film layer exposes the portion which dissolved by development, a resist layer 
remains and, as for the portion which did not dissolve in the non-exposing section, a resist pattern is 
formed. [ after exposure ] After carrying out dry etching of this by plasma treatment, the resist layer 
which remains is removed and the semiconductor circuit which has a predetermined pattern is obtained. 
[0004] In the chemistry amplification type resist using the alicycle group, as an alicycle group, 
norbomene, a par hydronalium anthracene, a cyclohexane, tricyclo [5.2.1.02.6] Deccan, the adamantane, 
etc. are used, and the alicycle copolymer is indicated. However, in the chemistry ampUfication type 
resist using the above-mentioned alicycle copolymer, while the hydrophobic property of a polymer 
increases as the alicycle group who gives dry etching-proof nature increases the composition ratio, 
stiffness also increases. If an alicycle group's composition ratio becomes large too much in the 
composition ratio from which the dry etching resistance of the resist average which made phenol resin or 
the novolak resin **-SU is acquired for this reason, for example, the unit structure of having an alicycle 
group becomes more than 50mol% Hydrophobic, in addition, since [ being high ] it becomes hard too 
much, the diffusing power of the proton-acid catalyst generated by exposure is barred, a chemistry 
amplification factor falls, the amount of generation of the carboxyUc acid in the polymer which is resist 
material decreases, and the solubility over the alkali solution which is a developer falls. Moreover, these 
resists are lacking in adhesion, and since a resist film becomes hard, distortion concerning a resist film 
becomes large and they become easy to separate by an alicycle group's introduction. For this reason, 
there was a problem that the resist pattern property which carried out stability could not be acquired. 
[0005] Moreover, as a problem peculiar to a chemistry amplification type resist, since the acid catalyst 
generated by exposure neutralizes with the pollutants in the atmosphere (amine component etc.) and it 
deactivates in from exposure before after [ exposure ] **-KU (FEB), the phenomenon in which a desired 
pattern cannot be formed arises. It is known that the pattem formation method which applies a protective 
coat on a resist layer is effective as the improvement method. This method was very effective to the 
resist which occupies most conventional resists and which makes a phenol **-SUPORIMA. However, 
since the polarity of both protective coat and resist is similar when applying a protective coat to the 
resist which makes **-SU the hydrophobic polymer which contains polar low polymer, especially a 
polar alicycle group by the non-phenol system, When the solvent of the aromatic-hydrocarbon system 
used conventionally was used as an application solvent of a protective coat, the resist film itself 
dissolved and there was a problem that the application of a protective coat was difficult. For this reason, 
in response to the influence of a pollutant, there was a problem of could not resolve a pattern or 
separating greatly from desired pattern size. 

[0006] There is a report of a radiation sensitive material excellent in adhesion not only by the 
outstanding transparency and etching resistance which use an excimer laser for JP,7-234511,A in the 
lithography made into the source of exposure that the above-mentioned trouble should be solved but by 
high sensitivity. However, when sufficient dry etching-proof nature is given, while there is a fault said 
that development nature is inferior, it cannot be said that adhesion is still enough. 
[0007] 

[Problem(s) to be Solved by the Invention] Other purposes of this invention are to offer the radiation 
sensitive material in which micro processing is possible by the radiation for resist pattem formation, and 
the high sensitivity which has transparency especially to a far-ultraviolet laser beam, is excellent in 
development nature, and has dry etching resistance, and was excellent in adhesion. 
[0008] 

[Means for Solving the Problem] this invention person etc. finds out the outstanding transparency and 



http://ww\v4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



4/21/03 



Page 3 of 12 



not only etching resistance but a thing solvable [ the above-mentioned trouble ] when the number of 
substituents as a resuh of repeating research wholeheartedly for the purpose of being a high sensitivity 
radiation sensitive material and raising adhesion introduces one or more hydroxy adamanthyl machines, 
and came to complete this invention. 

[0009] That is, the 1st of this invention offers the radiation sensitive material which consists of a resin 

(A) which has a polar-group content alicyclic functional group and at least one or more functional 
groups which produce an alkali meltable machine with an acid in 1 molecule, respectively, and matter 

(B) which generates an acid by radiation irradiation. The 2nd provides with the radiation sensitive 
material of a publication the 1st of this invention characterized by the resin (A) of this invention being 
acrylic resin. The 3rd provides with the radiation sensitive material of a publication the 1st of this 
invention characterized by the polar group of this invention being a hydroxyl group. The 4th provides 
with the radiation sensitive material of a publication the 3rd of this invention to which the alicyclic 
functional group containing the hydroxyl group of this invention is characterized by being an one or 
more hydroxyl-group numbers hydroxy adamanthyl machine. The 5th provides with the radiation 
sensitive material of a publication the 1st of this invention to which the functional group which produces 
an alkali meltable machine with the acid of this invention is characterized by being the following 
formula (1) or (2). 

[0010] 
[Formula 2] 

— COORi (1) 



OCOR2 (2) 
II 

(^^<DRi,R2 -C(CH3)2R3. -Si(CH3)aR3 (R.ltmm 2 0 (D7 A^^ M 



^^i"o ) 

[001 1] It applies on a semiconductor thin film, and selection exposure is carried out by far ultraviolet 
rays, radiation sensitive material the 1st [ of this invention ] of the 6th this invention, 2, 3 and 4, or given 
in five, negatives are developed, and the formation method of the pattern by removing radiation 
sensitive material with an alkali solution is offered. The formation method of the pattern the 6th 
publication of this invention characterized by performing the 7th development of this invention by 
organic alkali solution and the mixed liquor of isopropyl alcohol is offered. 
[0012] 

[Embodiments of the Invention] The radiation sensitive material of this invention uses as an 
indispensable component the resin (A) which has a polar-group content alicyclic functional group and at 
least one or more functional groups which produce an alkali meltable machine with an acid, and the 
matter (B) which generates an acid by radiation irradiation. 

[0013] Introduction and the above-mentioned resin (A) are explained. A resin (A) copolymerizes the 
monomer (D) which has the functional group which produces an alkali meltable machine with the 
monomer (C) and acid which have an alicyclic functional group containing a polar group, and is 
obtained. 
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[0014] As a monomer (C) which has an alicyclic functional group containing a polar group, one or more 
hydroxy adamanthyl (meta) acrylate and the number of substituents are mentioned [ one or more 
hydroxy norbornyl (meta) acrylate etc. ] for the number of substituents. 

[0015] As a monomer (D) which has the functional group which produces an alkali meltable machine 
with an acid, it is the monomer which has a unsaturated bond, and is the monomer which has an acid 
radical and the basis of a formula (1) or a formula (2) combined with the acid radical. As an acid radical, 
a carboxyl group, a phenolic hydroxyl group, a sulfonic acid group, etc. are mentioned. Specifically, the 
acrylic acids or styrene which has the following functional groups is mentioned. As acrylic acids, an 
acrylic acid, a methacrylic acid, an alkylation acrylic acid like ethyl, etc. are mentioned. 
PARAHIDOROKISHI styrene, PARAKARUBOKISHI styrene, etc. are mentioned as styrene. A 
functional group is combined with a carboxyl group or a phenolic group (in the case of 
PARAHIDOROKISHI styrene). In the case of a phenolic group, what carried out carbonate combination 
with the substituent is desirable. In the above, as a functional group which produces an alkali meltable 
machine with an acid, it is t-butyl, tetrahydropyranyl group, alpha, and alpha-dimethyl benzyl, a 3- 
oxocyclohexyl machine, etc., and if it dissociates by the proton acid, anything can be used. 
[0016] As a resin (A), the acrylic copolymer which used the acrylic acid (meta) as the base is effective 
also in the above-mentioned monomer (C) and a monomer (D) also from the point which does not have 
absorption in far ultraviolet rays (excimer light), and composite simplicity. 

[0017] Furthermore, to the above-mentioned monomer (C) and a monomer (D), the addition product of 
the monomer which has a reactant unsaturated bond, other (meta) acrylic acids, and epsilon- 
caprolactone, a denaturation unsaturation monocarboxylic acid, etc. can be used together. As a monomer 
which has the above-mentioned reactant unsaturated bond, hydroxyl-group content monomer; (meta) 
acrylic acids, such as hydroxyethyl (meta) acrylate, hydroxypropyl (meta) acrylate, hydroxy butyl 
(meta) acrylate, poly caprolactone diol monochrome (meta) acrylate, and polyoxy-ethylene-glycol 
monochrome (meta) acrylate, carboxy ethyl acrylate, an itaconic acid, a maleic acid, boletic acid, a 
crotonic acid, beta-carboxy ethyl (meta) acrylate, etc. are mentioned, moreover, as the above-mentioned 
denaturation unsaturation monocarboxylic acid It has an unsaturation machine and a carboxyl group and 
if it is the denaturation unsaturation monocarboxylic acid by which chain extension was carried out 
between the unsaturation machine and the carboxylic acid, there is especially no limit. For example, the 
unsaturation monocarboxylic acid which has ester combination, such as lactone denaturation in which 
acid denaturation was carried out by the acid anhydride in the end hydroxyl group The need is accepted 
further. Carboxyl group content monomers, such as a denaturation unsaturation monocarboxylic acid 
which has ether linkage; Methyl (meta) acrylate, Ethyl (meta) acrylate, i-propyl (meta) acrylate, n-butyl 
(meta) acrylate, 2-ethylhexyl (meta) acrylate. Radical polymerization nature unsaturation machine 
content monomers, such as acrylonitrile, an acrylamide, styrene, vinyltoluene, vinyl acetate, i-propyl 
vinyl ether, n-butyl vinyl ether, and methoxy ethyl vinyl ether, are mentioned. 
[0018] The heating polymerization of the addition product of the monomer which has the above- 
mentioned monomer (C), a monomer (D), and a reactant unsaturated bond, other (meta) acrylic acids, 
and epsilon-caprolactone, the denaturation unsaturation monocarboxylic acid, etc. is carried out to the 
bottom of existence of a polymerization catalyst in a solvent. The mole ratios of (Monomer D) / 
monomer (C) are 0.3-100. The radical initiator which can control molecular weight distributions, such as 
radical initiator [ of a peroxide system or a diazonium system ] or 2, 2 and 6, and 6-tetramethyl 
piperidinyl-l-OKISHI (TEMPO) and a benzoyl peroxide, as a polymerization catalyst is used. In order 
to control molecular weight distribution further, a polymerization can be carried out according to the 
anionic polymerization using the anionic polymerization, Ziegler-Natta catalyst, or the rare earth metal 
catalyst system which used the alkyl lithium etc. As reaction temperature, although it changes also with 
systems of reaction, it is -78-200 degrees C. The obtained resin (A) is refined by the need according to 
reprecipitation etc. 

[0019] Next, the matter (B) which generates an acid by radiation irradiation is explained. As the matter 
which generates an acid by radiation irradiation, i.e., an acid generator The oxazole derivative shown by 
the next formula (3), s-triazine derivative shown by the formula (4), it is possible to use the diazonium 
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salt which comes out and is shown by the iodonium salt which is shown by the formula (5), and which is 

shown, the sulfonium salt shown by the formula (6), the disulfon derivative shown by the formula (7), 

the imido sulfonate derivative shown by the formula (8), or the formula (9) However, it is not limited to 

these. 

[0020] 

[Formula 3] 




(3) 



[0021] 
[Formula 4] 




(4) 



[0022] 
[Formula 5] 



Ari - I -Ara 



^L. X|±BFe\ PF6\ AsF.- . SbF," . C104\ X\t^m^^^^>'^r ^yt^^t^m 



[0023] 
[Formula 6] 
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[0024] 
[Formula 7] 

Ri -SO2 -SO2 -R2 (7) 

[0025] 
[Formula 8] 

X 

Ri— SOj-O-— N Z (8) 

a 

o 

[0026] 
[Formula 9] 

Ari-N^X"* (9) 

, PF6\ AsF6\ sbF6\ ci04\ x\i^m^/^t-yMr:^^y^mir) o 

[0027] Next, the process which performs formation of the resist layer to a processed substrate top, 
exposure, development, dry etching, and resist removal is explained using manufacture of the radiation 
sensitive material (resist) using an above-mentioned resin (A) and the above-mentioned acid generating 
matter (B), and the obtained resist. 

[0028] Manufacture of the radiation sensitive material (resist) using a resin (A) and the acid generating 
matter (B) mixes the acid generating matter (B) 0.01 - 30 weight sections to the (Resin A) 100 weight 
section, to the mixture 100 weight section, 50-10000 weight section addition is carried out, and it stirs a 
solvent, and manufactures a uniform resist solution. The addition sequence of a resin (A), the acid 
generating matter (B), and a solvent can be chosen suitably. As the above-mentioned solvent, aliphatic 
hydrocarbon, such as a hexane, a heptane, and an octane, Hydrocarbons, such as aromatic hydrocarbons, 
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such as toluene and a xylene, and mineral spirits; Ethyl acetate, Acetic-acid n-butyl, an isobutyl acetate, 
a methyl lactate, an ethyl lactate, methyl-cellosolve acetate, Ester system solvents, such as butyl carbitol 
acetate; A methyl ethyl ketone, Ketone system solvents, such as a methyl isobutyl ketone, a diisobutyl 
ketone, and a cyclohexanone; Ethanol, Alcoholic system solvents, such as an isopropanol, n-butanol, a 
sec-butanol, and an isobutanol. Ether system solvents, such as n-butyl ether, a dioxane, an ethylene 
glycol monomethyl ether, ethylene glycol monoethyl ether, a propylene glycol monomethyl ether, and 
the dipropylene-glycol monomethyl ether, etc. are used. The above-mentioned solvent can be used 
combining it suitably. 

[0029] Rotating a processed substrate, formation of the resist layer to a processed substrate top supplies 
the resist solution obtained above to up to a semiconductor thin film, and is performed by applying to 
predetermined thickness by the spin coating method. Resist layer thickness is 0.1-10 micrometers. The 
substrate (henceforth a resist substrate) to which the resist was applied is prebaked by the need, and 
selection exposure is carried out with an excimer laser etc. An acid is generated from the acid generating 
matter in a resist layer (B) by exposure, the output of laser ~ 0,01-100 - the thing of 1-lOW can be used 
preferably about W As occasion demands, the resist substrate after exposure triggers the reaction which 
produces an alkali meltable machine from the functional group which produces an alkali meltable 
machine with the acid in a resin (A) for 50-200 degrees C and 0 - 60 minutes by making into a catalyst 
the acid which performed the postbake and was generated many times, and makes a resist layer alkali 
fusibility. By developing negatives vnth an alkali solution, the resist substrate after a postbake is 
stabilized and can form a detailed pattern. 

[0030] Furthermore, it is also required to improve a developer in order to acquire the patterning property 
stabilized more. There is a characteristic problem that a proton acid deactivates in the surface section 
and a resin (A) carries out difficulty vitrification to a developer by contamination of the amine in 
environment etc. in a chemistry amplification resist. For this reason, it is the big factor to which it is 
generated and the solubility difference of the surface section and the interior is not made as for the stable 
pattern. Hydrophobic, strong bases, such as an adamanthyl machine which is especially a hydrocarbon, 
and t-butyl, have the effect which checks the dissolution to a developer, and it is known that the 
influence on surface insolubilization is large. Although the point describing above is sharply improved 
by this invention which introduced the polar group into the adamanthyl machine etc. for this reason, it is 
also required to improve a developer in order to acquire the fiirther excellent patterning property. 
Therefore, since solubility increases remarkably and the solubility difference of the surface section and 
the interior becomes small by using the mixed liquor of glycol-ether system solvents, such as an organic 
alkaline-water solution, isopropyl alcohol or the aforementioned ether system solvent especially an 
ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, a propylene glycol monomethyl 
ether, and the dipropylene-glycol monomethyl ether, for a developer, stable patterning becomes . 
possible. In addition, as alcohol to add, isopropyl alcohol was the most effective, by the methanol or 
ethanol, the crack was produced and peeling was conspicuous. Moreover, by using this mixed developer, 
sensitivity rose by 1 or more figures, and distortion which starts at the time of development also became 
small, moreover, this developer - isopropyl alcohol or the above-mentioned ether system solvent - 5 - 
95vol% - containing is desirable Less than [ 5vol% ], if sensitivity does not improve but 95vol% is 
exceeded, it will be easy to produce a crack and a crack. 

[0031] Moreover, in the polymer which consists of material which has acrylic-ester structure or 
methacrylic-ester structure including an alicycle group, and material which has the methacrylic-ester 
structure which contains a polar high unit in the acrylic-ester structure or the ester section which 
contains a polar high unit in the ester section, since the polarity of **-SUPORIMA becomes high, the 
very strong hydrophobic property^by the alicycle group can be softened. Consequently, a protective coat 
can be applied, without dissolving a resist film, since a polar difference arises between the protective 
coats of a hydrocarbon system. Therefore, thereby, the pattern of desired size can be formed. Although 
the structure where a ketone, alcohol, the ether, ester, the carboxylic acid, the acid anhydrous compound, 
or the atom of a part of such structures was replaced by sulfur, nitrogen, or the halogen etc. is mentioned 
as polar high structure introduced into a resin (A) in order to make polarity of **-SUPORIMA high, it is 
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not limited to these. The rate which introduces the material which has polar structure is the about [ 1- 
50mol% ] need at least, and is the more than 20mol% need preferably. In addition, although structure 
with a cyclohexane, norbomane, an adamantane, and a tricyclo [5.2.1.02.6] Deccan skeleton is 
mentioned as an alicycle group, it is not limited to these. 

[0032] Moreover, in the resist containing itaconic acid anhydride, in order to make polarity of **- 
SUPORIMA high, in spite of including a hydrophobic, strong hydrocarbon group for polarity with 
strong itaconic acid anhydride, it is possible to apply on a resist the hydrocarbon system polymer which 
was conventionally impossible as a protective coat. By forming such a protective coat on a resist, it 
becomes possible to prevent FED (Post Exposure Delay) which is a problem peculiar to a chemistry 
amplification type resist. 

[0033] Moreover, it is using the solvent of a hydrocarbon system with big molecular weight as an 
application solvent of a protective coat, and it became possible to apply a protective coat more certainly. 
As an application solvent, the boiling point is desirable in a thing 100 degrees C or more. In the low 
thing of the boiling point, it is not much difficult to apply a protective coat uniformly on Si wafer. For 
this reason, as an application solvent, specifically, although a limonene, 1, 5-cyclo-octadiene, 1-decene, 
t-butyl cyclohexane, p-cymene, dodecyl ** NZEN, etc. are mentioned, it is not limited to these. 
[0034] Moreover, although polyolefmes and polydiens are mentioned, if it is transparent and melts into 
the above-mentioned application solvent to exposure wavelength as hydrocarbon polymer for forming a 
protective coat on a resist substrate, it will not be limited to these. 

[0035] Dry etching of the resist substrate after development is carried out. As for the method of dry 
etching, plasma etching, reactive ion etching, ion milling, etc. are mentioned. 
[0036] As for the resist substrate after dry etching, removal of a residual resist layer and a protective 
layer is performed by the solvent. There are various wet methods and dry type methods in the removal 
method of a residual resist layer and a protective layer. Oxygen plasma etching etc. is mentioned as a 
dry type method. The method of using inorganic system solutions, such as an organic solution system 
which makes a phenol and a halogen system solvent a principal component, a sulfuric acid/hydrogen 
peroxide, fluoric acid, a hydrochloric acid / hydrogen peroxide, as a wet method is mentioned. 
[0037] Thus, the semiconductor with which the pattern was formed can be used for the memory of the 
number M of capacity - G bits of numbers. 
[0038] 

[Example] Hereafter, although an example explains this invention concretely, this invention is not 
limited to these. In addition, the obtained composition ratio of the monomer (C) of a resin (A) and a 
monomer (D) is a mole ratio. 

0.251. of toluene was introduced, and it was dropped at it after the temperature up at 100 degrees C, 
having toluene 120 bet [monochrome hydroxy adamanthyl aery late 222g, t-butyl methacrylateg / 142 / 
and 2 and 2'-azobis (2-methyl butyl nitril) (ABN-E by Japanese hydrazine industrial company) 30.3g, 
and ] it on the separable flask equipped with example 1 agitator, the thermometer, the reflux cooling 
pipe, the dropping funnel, and the nitrogen introduction pipe for both 3 hours. After riping after 
dropping for 4 hours, the methanol performed precipitation refining. Consequently, the resin of the 
structure of the following formula (10) was able to be obtained. 
[0039] 

[Formula 10] 
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H CHa 

Cnt-A -PcH« 

0=" 0=" 



(1 0) 




OH CH, 



[0040] The copolymer of the composition ratio 50:50 of monochrome hydroxy adamanthyl acrylate and 
t-butyl methacrylate, weight average molecular weight 5,400, and molecular weight degree of dispersion 
1.9 was obtained, compound polymer - the acid generator triphenyisulfonium hexafluoro antimony of 
the structure of the following formula (11)-- 15wt(s)% ~ it added and considered as the cyclohexanone 
solution 



[0042] On Si wafer covered with the novolak resin which carried out the postbake of this solution by the 
spin coat method, it applied to 0.7-micrometer thickness and prebaking was performed for 60 degrees C 
and 100 seconds on the hot plate. In this way, after exposing the resist film on the obtained wafer by 
exposure 100 mJ/cm2 by the KrF excimer stepper, for [ PEB ] the temperature of 100 degrees C and 60 
seconds was performed. Then, negatives were developed for 60 seconds using NMD-3 (Tokyo 
adaptation shrine make) which is alkali solution, and the rinse was carried out for 30 seconds with pure 
water. Consequently, the semiconductor in which the L«&S (line & space) pattern of 0.50-micrometer 
width of face is shown was obtained. 

[0043] 0.251. of toluene was introduced, and it was dropped at it after the temperature up at 100 degrees 
C, having toluene 120 bet [ trihydroxy adamanthyl acrylate 254g, t-butyl methacrylateg / 142 / and 2 and 
2'-azobis (2-methyl butyl nitril) (ABN-E by Japanese hydrazine industrial company) 30.3g, and / both ] 
it on the separable flask equipped with example 2 agitator, the ttiermometer, the reflux cooling pipe, the 
dropping fiinnel, and the nitrogen introduction pipe for 3 hours. After riping after dropping for 4 hours, 
the methanol performed sedimentation refining. Consequently, the resin of the structure of the following 
formula (12) was able to be obtained. 



[0041] 

[Formula 11] 




(1 1) 



[0044] 

[Formula 12] 




(1 2) 



OH 
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[0045] The copolymer of the composition ratio 50:50 of trihydroxy adamanthyl acrylate and t-butyl 
methacrylate, weight average molecular weight 5,200, and molecular weight degree of dispersion 1.9 
was obtained, compound polymer - the aforementioned triphenylsulfonium hexafluoro antimony ~ 
15wt(s)% -- adding -- a cyclohexane -- non, it considered as the solution On Si wafer which carried out 
the postbake of this solution by the spin coat method and which was covered with the novolak resin, it 
applied to 0.7-micrometer thickness and prebaking was performed for 60 degrees C and 100 seconds on 
the hot plate. In this way, after exposing the resist film on the obtained wafer by exposure 100 mJ/cm2 
by the KrF excimer stepper, for [ PEB ] the temperature of 1 00 degrees C and 60 seconds was 
performed. Then, negatives were developed for 60 seconds using NMD-3 (Tokyo adaptation shrine 
make) which is an alkaline-water solution, and the rinse was carried out for 30 seconds with pure water. 
Consequently, the semiconductor in which the L&S (line & space) pattern of 0.52-micrometer width of 
face is shown was obtained. 

[0046] 0.251. of toluene was introduced, and it was dropped at it after the temperature up at 100 degrees 
C, having toluene 120 bet [ trihydroxy adamanthyl methacrylate 31 6g, t-butyl methacrylateg / 1 16.4 / 
and 2 and 2'-azobis (2-methyI butyl nitril) (ABN-E by Japanese hydrazine industrial company) 30.3g, 
and / both ] it on the separable flask equipped with example 3 agitator, the thermometer, the reflux 
cooling pipe, the dropping ftinnel, and the nitrogen introduction pipe for 3 hours. After riping after 
dropping for 4 hours, the methanol performed sedimentation refining. Consequently, the resin of the 
structure of the following formula (13) was able to be obtained. 
[0047] 



[0048] The copolymer of the composition ratio 59:41 of trihydroxy adamanthyl methacrylate and t-butyl 
methacrylate, weight average molecular weight 5,500, and molecular weight degree of dispersion 1 .9 
was obtained, compound polymer - the aforementioned acid generator triphenylsulfonium hexafluoro 
antimony - 1 5wt(s)% ~ adding - a cyclohexane - non, it considered as the solution On Si \yafer which 
carried out the postbake of this solution by the spin coat method and which was covered widi the 
novolak resin, it applied to 0.7-micrometer thickness and prebaking was performed for 60 degrees C and 
100 seconds on the hot plate. In this way, after exposing the resist film on the obtained wafer by 
exposure 100 mJ/cm2 by the KrF excimer stepper, for [ PEB ] the temperature of 100 degrees C and 60 
seconds .was performed. Then, negatives were developed for 60 seconds using NMD-3 (Tokyo 
adaptation shrine make) which is an alkaline-water solution, and the rinse was carried out for 30 seconds 
with pure water. Consequently, the semiconductor in which the L&S (line & space) pattern of 0.55- 
micrometer width of face is shown was obtained. 

[0049] When example 4 developer was replaced with NMD-30 of the above-mentioned example 3 and 
NMD-30 and isopropyl alcohol were made into the mixed stock of 1:1 (weight it is the same as that of a 
ratio and the following), the semiconductor in which the L&S (line & space) pattern of 0.45-micrometer 
width of face is shown was obtained. 

[0050] 0.251. of toluene was introduced, and it was dropped at it after the temperature up at 100 degrees 
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C having toluene 120 bet [ trihydroxy adamanthyl methacryiate 214.4g, ********** t-butylg / 273.6 / 
aild 2 and 2'-azobis (2-methyl butyl nitril) (ABN-E by Japanese hydrazine industrial company) 30.3g, 
and 1 it on the separable flask equipped with example 5 agitator, the thermometer^ the reflux cooling 
pipe the dropping funnel, and the nitrogen introduction pipe for both 3 hours. After npmg after 
dropping for 4 hours, the methanol performed sedimentation refining. Consequently, the resm of the 
structure of the following formula (14) was able to be obtained. 
[0051] 

[Formula 14] 

CHs 



O = 




CH- 



Cil j 



CH.-- CHa CH 
CH, 



CHs 



(14) 



[00521 The copolymer of the composition ratio 40:60 of trihydroxy adamanthyl methacryiate and 
********** t-butyl weight average molecular weight 8,500, and molecular weight degree of dispersion 
2.3 was obtained, compound polymer - the aforementioned acid generator triphenylsulfomum 
hexafluoro antimony - 15wt(s)% -- adding - a cyclohexane - non, it considered as ttie solution On Si 
wafer covered with the novolak resin which carried out the postbake of this solution by the spin coat 
method it applied to 0.7-micrometer thickness and prebaking was performed for 60 degrees C and 100 
seconds on Sie hot plate. In this way, after exposing the resist film on the obtained wafer by exposure 
100 mJ/cm2 by the KrF excimer stepper, for [ PEB ] the temperature of 100 degrees C and 60 seconds 
Z performed. Then, negatives were developed for 60 seconds using NMD-3 (Tokyo adaptation stane 
make) which is an alkaline-water solution, and the rinse was carried out for 30 seconds with pure water. 
Consequently, the semiconductor in which the L&S (line & space) pattern of 0.60-micrometer width of 

face is shown was obtained. ^ i aa j ^^^^o 

[0053] 0.251. of toluene was introduced, and it was dropped at it after the temperature up at 100 degrees 
C, having toluene 120 bet [ adamanthyl methacryiate 260g, t-butyl methacrylateg / 1 16.4 / and 2 and 2 - 
a^obis (2-methyl butyl nitril) (ABN-E by Japanese hydrazine industrial company) 30.3g, and ] it on the 
separable flask equipped with example of comparison 1 agitator, the thermometer, the reflux cooling 
pipe the dropping ftimiel, and the nitrogen introduction pipe for both 3 hours. After riping after 
dropping for 4 hours, the methanol performed sedimentation refining. Consequently, the resm of the 
following (** 22) structure expression was able to be obtained. 
[0054] 

[Formula 15] 
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CHs 




0 = 



0 



(1 5.) 



CHa 



CHa 



[0055] The copolymer of the composition ratio 59:41 of adamanthyl methacrylate and t-butyl 
methacrylate, weight average molecular weight 5,500, and molecular weight degree of dispersion 1.9 
was obtained, compound polymer - the aforementioned acid generator triphenylsulfonium hexafluoro 
antimony - 15wt(s)% ~ adding -- a cyclohexane - non, it considered as the solution On Si wafer 
covered with the novolak resin which carried out the postbake of this solution by the spin coat method, it 
applied to 0.7-micrometer thickness and prebaking was performed for 60 degrees C and 100 seconds on 
the hot plate. In this way,. after exposing the resist film on the obtained wafer by exposure 100 mJ/cni2 
by the KrF excimer stepper, for [ PEB ] the temperature of 100 degrees C and 60 seconds was 
performed. Then, although negatives were developed for 60 seconds using NMD-3 (Tokyo adaptation 
shrine make) which is an alkaline-water solution, development was not able to progress and a pattern 
was not able to be obtained at all. 

[0056] Although exposure 100 mJ/cm2 showed the L&S (line & space) pattern of O.SOmicro width of 
face when example of comparison 2 developer was replaced with NMD-3 0 of the above-mentioned 
example 3 and NMD-3 0 and isopropyl alcohol were made into the mixed stock of 1 :1, there was no 
repeatability. 

[0057] Using the sensitive material of example 6 example 3, it applied on the silicon wafer, the 
temperature of 60 degrees C and 20-minute BEKU were performed on the hot plate, and the resist film 
with a thickness of 0.6 micrometers was formed. Exposure, PEB, and development were performed like 
the example 3, and the semiconductor in which ** is shown was obtained in the L&S (line & space) 
pattern of 0.55micro width of face. 

[0058] Using the sensitive material of the example 1 of example of comparison 3 comparison, it was not 
able to apply on the silicon wafer and **** was not able to form the resist film of uniform thickness for 
the temperature of 60 degrees C, and 20-minute BEKU on the hot plate. Since a hydroxyl group remains 
on a silicon wafer in processing of only baking, crawling and application unevenness arise in a resist 
with bad adhesion. The resist film of predetermined thickness was able to be formed by performing 
basis HMDS (hexamethyldisilazane) processing for **** which remains on a silicon wafer. Thus, by the 
resin with bad adhesion, after treatment is needed. 

[0059] As mentioned above, by introducing the adamanthyl machine containing the polar group, the 
adamanthyl content unit was increased, adhesion has been improved by leaps and bounds also in the 
system which raised dry etching-proof nature, and the stable patterning property was able to be acquired. 

[0060] 

[Effect of the Invention] Since the outstanding transparency and not only etching resistance but the 
stable patterning property which has the adhesion which is high sensitivity and was excellent was 
acquired by this invention, the micro-machining of the semiconductor could be carried out. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] . , , , 

[Claim 1] The resin (A) which has a polar-group content alicyclic functional group and at least one or 
more functional groups which produce an alkali meltable machine with an acid in 1 molecule, 
respectively, and radiation sensitive material which consists of matter (B) which generates an acid by 
radiation irradiation. . • i- 

[Claim 2] Radiation sensitive material according to claim 1 characterized by a resm (A) being acryhc 



resin. 



[Claim 3] Radiation sensitive material according to claim 1 characterized by a polar group being a 
hydroxyl group. 

[Claim 4] Radiation sensitive material according to claim 3 with which the alicyclic functional group 
containing a hydroxyl group is characterized by being an one or more hydroxyl-group numbers hydroxy 

adamanthyl machine. , ^ • i u- u 

[Claim 5] Radiation sensitive material according to claim 1 with which the functional group which 
produces an alkali meltable machine with an acid is characterized by being the following formula (1) or 
(2). 



[Formula 1] 



— COORi ( 1 ) 



OCORj (2) 



(^I'cDRuR. t*. -C(c£)2R3. -Si(CH3)2R3 (Rsli^^iC 1 - 2 0 (DT 

mmm 6-14 </>^mm&) ^ 



^m-r, ) 



[Claim 6] The formation method of the pattern by applying on a semiconductor thin film, carrying out 
selection exposure by far ultraviolet rays, BEKU and developing a radiation sensitive material according 
to claim 1, 2, 3, 4, or 5, and removing radiation sensitive material with an alkali solution. 
[Claim 7] The formation method of the pattern according to claim 6 characterized by developing 
negatives by organic alkali solution and the mixed liquor of isopropyl alcohol. 
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ht. ^^•y^'^mmvk^t^W [0036] \^y^:siy^ym<r)V'JXhWmi.m 

[ 0 0 3 1 ] mmmk^KsTif u/h?xxt/i-« »Jtj: osffwvx haat/fi^<oi^*ifft>n2.. 

jSt,K{4^^':7'J;l«xxT;l/fl|J§SrWirStt^t. ^l^l^i^'X b«atX»ai<^)l^^rfttl4. S-^cO^ 

xx-f;l^tgttOSvv3L=.-y h5r-^t?r^"J-'H!xx **RtX«e^:fr^*''J)S. Sfc^^i: LtfiSST^X 

L<«XX7'/l^t@tt£7)ftVV2-- .y b 5:^ vx yf-y^W^ff ^>ix&. @^*^k LTJ±. 7x 

ti>^^ 9 *))\^:i^XT)i'W&i:^-thWintiJ'ht£h^ J-iVt^wJ^yW^M^i^^ttt^^mSk. 8S 

^f<cfJ4. ><-X;Jfyv-<^fflbWS<=5:S<^-C. 1^93 ^Si/mXcm. 7>yl8. *Sll/aBKbK«^<^^S«^ 
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[ 0 0 3 7 ] Cico J: a t IX^^^-ym&L^tvf:::^ 
[00381 

tj. ^^.^utJMIS ( A ) <Dt yv- ( c ) tt/v- 
(D> ffyimmi=t)\^itTi>i>, 



H CH> 
^ 0= " 0 =1 ' 



(8) 1^18^1 1-109632 

14 

2.2'-TVt'X(2->^;l^yf-;l^- h (B*t K^i^' 
y3J!iaj?ABN-E)30.3gfc h/l'X>'120glr. ^^tC3^ia 
*>JtT>iSTU/i. 8rF»4l$f^JtLfcSi. ^rJ'y-yW 
•C«t«^a!«:tf -f <^*. (10) «)fl!Ji 

[0039] 
[^lOj 



(1 O) 



CH»-- CH, 
OH CH, 



^«5.400. :iH'»^lfc«1.90^«-&«s*^^>*Ut. ^ [00411 
B!tLfe.-Ky v-lc, TS^ (11) <0«jSiOBgl6^ h 85 Ht l 1 1 



Sb F; (1 1) 



[0 04 21 CKO^^xtfya-hffitciO. >'^-H 
tc. o.iMmmmizmf^L. *<yhrb— hi-ceox:. i 

±.<r>Ui^Xhm&. KrFX^>'VX7"•y''^•t*. SSitMlOO 
i^V^TT;l';!r 'J*^?grC'*)&NMD-3(mSCj5fl:ttS) S-ffl 

0.50/itinjiiOL8S(5-f ytX'<-;^)''N'^'->'*5<^ 
[00431IIMW2 *40 



hmT^L . ioo-c{3#m. h y t K n:^ i^ry vy 

^;kr ^' y b254g t t-rf-yl^y y M42gi: 

2.2'-ryb'x(2->^;P7'^;p- h y;0 (0*b F9 
yiJSttiSABN-E)30.3gk h;PXM20g$'*t::3^ra*» 

aassss-tr-?^. ^<o^^. ria^ (12) <om<^ 

[00441 

[^1:121 



(9) 
1 5 

H CH, 

4-CH,— j hCH, — X- 

^ 0= *' O =i 



11-109632 



1 6 




CH, - CH» 
OH CHs 



(1 2) 



[00451 t Hodf vT^^-^yf-zWr ^ U h 

^<rje«. 0.52xzm<i<?DL8S(5>f>'&X'>?.-X)/'C^'->'= 

CHs 



IOO46llUiS0«3 

^>V3i99 y h316gf:t-yf-;l'^ 'J M16. 
4gfc2.2'-Tyh'X(2-;<^7Uy-^/l^-MJ7l')(H*t H 
7i^'>'lMI«JaABN-E)30.3«k h;l'Xyi2QgS:*fc3^ 

[0047] 

1^1:131 




CH, — CH, 



(13) 



[00481 h y h Ko^ vT^^vyf-ZM ^"J l^- 
h i: t-:/f-;l';«< 9^^yv-Y <OfflflKJt59 : 41. 
dHFft5.500, :}H'fi^tiJgl.90ftfi^(**«f#^>*i:t. 
^iKLfoity rniagll^J h U 7 x::l;^x;^7 40 
:r -"^ A'^df ■9-7 a r yf-t yS' 15wtX^ JD LT 

-hi-ceot:. ioo#rary'<.-^'*it-ofc. zidLT 

••/''■«T\ BgJtftlOOnJ/ctfT'STKLJtf^. iSJKlOOX:. 60 
B»EB^tf-:>Jt. i^V^Tr;P;0'J*J§StT'&SNW)-3 

(mjsciB{i:tti!)&fflv^T6(»'firamu. HfeKtsc^^rau 



[0 04 91 HtKm 

WM. J:Sllifi^3<7)NMD-30tfti.T. NMD-30k-f 
yrDt:;PT;l/3-;W«:l:l (MJt. <oS 
■^l^tC-rSi:. 0.45x/ini|jKOLXS(7'f 

[00501^0115 

«^fiii3t-«:>'«57';P75>^3fc. h;l'Xy*^0.25y -y 
h;P^AL. I00*ctc#fflfi. h'JhHn^vT^Tvy 
^' :5"J U— h214. 4gi: 7-7;HEyt-7'^;l^273.6g 
k2,2'-Tyh'>C (2-^ f-^pyf-;!/- h y;W (B*t 

i^'VJ[:»a:^N-E)30.3gk h/Uxyi20g?r. itfcB^ 



(10) 
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:^IB¥1 1-1 09632 
18 



fvxifcmm&fi'yt:. -e-cois*. ( i4) * [oo5 1 1 

CH, 

4^CH,- ] r ■ CH Cfl-4- 



HCrj^ CH.+CH> CH.-|cH. 
A^-Aqh CH, CH, 



(14) 



OH 

[00521 h »J t Ha4f i^r^-^i^^^M ^ 7 y V- 



•C\ gaitM100»J/c.2-CS5KL^:^. iSSlOOt:. 60»H 
PEB^ ofc . ^V^TT;^'* y *Jgfflre*I.NM>-3(3lCSC 

Lfc. COe*. 0.60jtzm<g<OL&S(7^>'&X'<i-X)>'N--3$ 

CHs 



[0053] ltl5!^l 

gABIf-E)30.3«k h;WX>120g^, ^^ICSI^jWtTjS 

fss-tf-^fc. -ecofe*. TIE (it22) mms^mm 

[00541 
[^bl51 



CHs CHi 

\ Q = ^ O = " 




CHi 



(IS.) 



CH, 
CH, 



[ 0 0 5 5 1 r V y ^ y 1^- h fc t-yf-;M 
v-tc. |i«BB?%^Jby7x-;l^x;i'7*-'^A'>vdf 
-K^-^'Lfcyd^^ y^J'^flgT'Sasn/^. Si-^x- 

J\±^z . 0. 7;u mm»izmm t.t^yh ri^- h±t^ 
n-ytz. i^v^t:r;i';&y*J§«rc*>aNMD-3(*scjEfl5a: 



[0056] Jt«5ffl2 

rPt;l'T;P3-;kSrl:lc7)S^*t-rSi:. ISStMlOO 
»I/c,»K:J: 0 . 0.50ju«|CDUS(^>f y&X'^-X)-''?^'- 

[0057] 11116^6 

IUfe0«3 <^!S*tmJ:fflV^T . y 3 y^'XWNit^ 
^BL. *••/ hri'-b±-Ciag60'C. Toa^^-f'in 
l\ W50.6/im<7)l.i/XhKJmL3t. »ffi0l3i: 
PafcL-C03fe. PEB. 3ifil5rffV\ 0.55/z«imS(7 

r50 [0058]it!ieM3 



(11) 



1 1-109632 



19 

mm 1 (rmmmm\< , u n yf7:c-/\±.izm 

[00591 KLh*»^>« mEMi:iS^Li::Ty^y^)l' 
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[0060] 

10 t:. 



